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DIRECTIONS 


FOR USING THE IMPROVED 


HADLEY's QUADRANT, &. 


HE theory of this inſtrument was ſo well 
_ underſtood, and the ſeveral ways of placing 
25 the glaſſes ſo thoroughly conſidered, by the 
inventor Mr. Hadley, that very little improvement 
has, or can be made in that reſpect. But, as the per- 
fection of every inſtrument depends not only on an 
advantageous diſpoſition of the parts, but on thoſe 
parts admitting of an eaſy and accurate adjuſtment, 
here is great room for improvement. For it is a maxm 
now univerſally received among Aſtronomers and 
practical obſervers, that the parts of no inſtrument 
can be ſo fixed, as ever to remain in the preciſe 
poſition they had when firſt put out of the maker's 
hands. On the contrary, the principal parts muſt 
be at firſt made . moveable, and then their poſition 


” 7 8 examined 


f 
= 


[6 ] 
examined and redtified, from time to time, by the 
= obſerver. If the inſtrument be not provided with 
the neceſſary means of adjuſtment, the obfervarions 
cannot be accurate; and if the adjuſtment of any of 
the parts be troubleſome and perplexing, the uſe of 
ſuch parts will moſt commonly be neglected. 


This has been the caſe with Hadley's qua- 
= drant, particularly in reſpect to the back obſervation. 
For the methods hitherto known of adjuſting it at 
ſea for that obſervation are ſo inaccurate and trouble- 
ſome, and require ſuch fingular circumſtances in the 
weather, that ſcarce any uſe has been made of that 
1 part of the inſtrument. 


The improvements now offered to the Public are 
ed to render all the adjuſtments of the glaſſes 
more eaſy and accurate than heretofore, but more 
particularly thoſe required for making the back ob- 
ſervation. This very valuable part of the inſtrument, 
hitherto much neglected, it is hoped, will now come 
into general uſe. For, by theſe new improvements, 
the neceſſary adjuſtments may be made at any time 
when an obſervation is practicable, without waiting 
for ſuch favourable circumſtances as ſeldom occur; 
and this may be done with the ſame eaſe, and with 
the ſame accuracy, as in the fore obſervation. How | 
this is effected will be eaſily underſtood by the de- 
en and directions following : 5 


Fig. 


FFI 

Fig. 1. and 2. repreſent the inſtrument furniſhed 
with the different apparatus. This inſtrument is an 
octant, for the atch A A contains only 45 degrees, 
but, becauſe half degrees on the arch (by the nature 
of reflection) ariſwer to whole ones in the angle mea- 
ſured, it is therefore divided into 90 degrees, from 
| whence the inſtrument has generally been called a 


quadrant. Each degree on the arch 1 ls 8 95 divided 
into three Fre or 20 minutes: 


BB is the lady ks that t turns on he center 
c. The end that moves on the graduated arch AA 
carries the vernier diviſions, by which each diviſion 
on the arch is ſubdivided to every minute. This 
index carries the largeſt reflecting glaſs 7, called the 
index glaſs, which is fixed over the center c, in a 
braſs frame, perpendicular to the plane of the inſtru- 
-, 


Io prevent the index glaſs from being bent by the 
ſcrews that faſten it, the.upright plane of braſs, againſt 
which the back of the glaſs lies, has three points; 
and the braſs frame, that bears againſt the front of 
the glaſs, has likewiſe three points directly oppoſite 
to the former. On the back of the frame are three 
ſcrews anſwering to thoſe points. When thoſe ſcrews 
are ſcrewed up, the glaſs is then preſſed between 
_ theſe points in three places only, and therefore it can- 


not be diſtorted; for a plane will always conform its 
2 to any three points. 
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© The index 220 receives the rays from the fan, 
or any other object, and reflects them to the leſſer 
glaſs i, called the fore horizon glaſs. The part of 
this glaſs next the plane of the inſtrument is quick- 
ſilvered, the other part is tranſparent. This fore 
horizon glaſs receives the image of the object from 
the index glaſs, and reflects it to the eye placed at the 
fight d. The object ſeen by reflection; by turning the 
index, may be brought to. coincide with the object 
ſeen by direct viſion through the tranſparent part of 
the glakG. | 


| Hes the back obſervation there is another ſuch. 
{mall glaſs e placed on the ſame fide of the octant as 
the former, but farther from the center; this is called 
the back horizon glaſs; it receives the image of the 
object from the index glaſs, and reflects 1t to the eye 
placed at the ſight 4 


In this caſe, the object ſeen by reflection is behind the 
obſerver, but, by the two reflections from the glaſſes. 


J and e, it is made to appear directly forward. This 
object, by turning the index, may be brought to co- 


1 8 8 —_ — m 


3 
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* This new method of fixing the index glaſs is of great impor- . 
tance. There are few quadrants of the old conſtruction in which 


the index glaſs is not diſtorted; inſomuch that they give one angle 
when the obſervation is made by the upper part of the index glaſs, 


and quite another when it is made by the lower part. A fault 
much complained of by many eminent aſtronomers and mathema- 
ticians, but hitherto not remedied by the inſtrument makers. 


incide 


+: 

| incide with any object ſeen by dire& viſion through 
the fight , and through the —— a of the 

horizon glaſs. gt, 


There are two red glaſſes, and one green glaſs, ſer 
in braſs frames, turning on a pin; one of the red 
glaſſes is lighter, the other darker z fo that either 
o them may be uſed ſeparately, or both together 
as the brightneſs of the ſun may require: the green 
glaſs may "be uſed with the others, or alone if the 
ſun be very faint; it is alſo of uſe for taking the alti- 
| tude of the moon, or for taking her diſtance from a 


| When theſe glaſſes are uſed for the fore obſerva- 
tion, they are fixed at , fig. 2, when uſed for the 
back obſervation, 7 are removed to G, as in o bg; 1. 


The fights d ae F have ack of them two holes, to to 
direct the ſight in a line parallel to the plane of the 
inſtrument; one of theſe holes is juſt the height of 
the edge of the filvered parts of the horizon glaſſes ; 
the other is higher, in order to direct the fight to the 
middle of the tranſparent parts of thoſe glaſſes. 


The altitude or angle, taken with this inſtrument, 
is determined by the inclination of the two glaſſes to 
cach other; therefore, when the index is ſet to the 
beginning of the diviſions on the arch, the fore hori- 
20n glals i ſhould be perfectly parallel to the index 
| glaſs ; ; 


1 * 


18 


glaſs; and the image 1 the object ſeen by teflection 
ſhould appear to coincide with the object itſelf ſeen 


by direct viſion : this is done by adjuſting the horizon 
| glaſs. The accuracy of this adjuſtment depends on 
the conſtruction of the inſtrument, and the diſtinct- 
neſs of the object made uſe of in the operation. Theſe 


things having been well conſidered, the following me- 


thod to be uſed at ſea is propoſed, a8 being much 
more exact than any Petetekere given. 


To adjuſt the fore horizon glaſs at ſea. 


WO adjuſtments belong to the fore "fi 120 
glaſs; one to ſet it perpendicular to the plane 


of the octant, the other to make it parallel to the 


index glaſs, when the index ſtands at che beginning 


of the diviſions, 


The benen of the ſea has always been uſed for 
this adjuſtment, becauſe no method had been thought 
of to darken the direct rays of the ſun, without dark- 
ening the reflected rays at the ſame time; in which 
caſe the reflected image would always be darker than 


the object ſeen directly; but by applying ſuch glaſſes 
behind the horizon glaſſes, as at I, the direct rays 
of the ſun may be weakened more or leſs as its bright- 


neſs may require; the glaizes being of the ſame ſort 


as 


4 7 
as thoſe uſed at F and G, for darkening the reflected 
rays. This method of adjuſting by the ſun is much 
more accurate than by the horizon ; the ſun being a 
bright and diſtinct object, the leaſt error may be ſeen, 
and the errors in both adjuſtments ſeen at once. 


The index being ſet to the beginning of the divi- 


ſions, one or more of the darkening glaſſes at N being 


turned behind the horizon glaſs, and the eye placed 


at the fight d, then hold the inſtrument in a vertical 
poſition, and direct the fight to the ſun. If the ſun 


ſeen by reflection appears on one ſide the ſun ſeen by 


direct viſion, it ſhews that the horizon glaſs wants 
_ adjuſting in the perpendicular poſition : this is to be 
done by means of the ſcrew m that goes through the 
frame, and is turned by a milled head at the back of 


the inſtrument. If the ſun ſeen by reflection appears 


above or below the ſun ſeen by direct viſion, then the 


error is in the other adjuſtment. This is to be cor- 
rected by the lever at the back, that gives the fore 
orizon glaſs a ſmall motion round i its OWN axis.“ 


* This lever is twice the length of thoſe in quadrants of the 


common conſtruction; it therefore admits of twice the exattneſs 
in the adhuſtment. 
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1 * 1 
By theſe two 5 achuftments, the ſun ſeen by reflection 
may be made ſo perfectly to coincide with the ſun 
ſeen by direct viſion, as to appear quite ſingle and 


diſtinct. Thus the glaſſes will be war e for 
the fore obſervation. 


The higheſt of the two holes in the ſight ſhould be 
uſed in making this adjuſtment, that the ſun may be 
reflected from the tranſparent part of the horizon glaſs, 


except when his light is very faint; in that caſe the 
lower of the two holes may be uſed. 


To take the altitude of the fun at fea by the fore 
- 2 obſervation. 


HE fun is generally bright enough to be ſeen | 
by reflection in the unſilvered part of the ho- 


rizon glaſs, therefore make uſe of the uppermoſt hole 
in the ſight 4; the darkening glaſſes placed at F, fig. 


2. are to be uſed as the brightneſs of the ſun may re- 
quire. If the reflection of the ſun's light from the 
ſea ſnould cauſe the horizon to appear glaring and in- 


diſtinct, then, by turning the green glaſs at EH, behind 
the horizon glaſs, this glare will be taken off, and 
the horizon will appear more diſtinct. Now, holding 
the octant in a vertical poſition, direct the ſight to 


that part of the horizon that is under the ſun, and 
move the index from o on the arch, till you ſee the 


„ 


Fo WJ 
image of the fun come down nearly to the horizon; 
then ſwing the octant round a line parallel to the line 
of fight : by this means the image of the ſun may be 
made to deſcribe the arch of a circle whoſe convex 
fide is downwards, without eyer departing conſider- 
ably from the middle of the tranſparent part of the 
horizon glaſs. Move the index till the lower edge or 
limb* of the ſun juſt grazes the horizon, then top the 
index by the ſcrew at the back, and the degrees and 
minutes ſhown on the arch will be the apparent alti- 
| tude of the ſun's lower edge above the viſible horizon. 


This altitude requires three different corrections 
before the true altitude of the ſun's center above the 
real Horizon. can be obtained, 


FfRST er Add 16 minutes for the 
ſun” s ſemi- diameter; by this you have the apparent 
altitude of its center above the viſible horizon. 


3 Correction. 2 the dip of the 
horizon (which is occaſioned by the height of the 
obſerver's eye above the ſurf ace of the Water). 
according to the following table. 


— 


* The limb of the ſun or moon fignifies any part of their 
apparent circumference which is obſerved ; therefore the ſun's 
lower limb ſignifies the loweſt point of the ſun's circumference, 
and the ſun's upper limb ſignifies the upper point of the ſun's : 
circumſerence, | 


4 be 


* - * 
* 1 * Yy 
«© COT INE „ ** 


14 J 


The eye above the ſurface Depreſſion, or dip of the wifible 


of the ſca in feet. horizon, in minutes, 
1 — wp -—_ 6 
on pn OP ona ORE 2 
ff. 


TrirD Cox RECTIoY. This is neceſſary on account 


of the refraction of the atmoſphere. For the rays | 
of the ſun, and of all other celeſtial objects, falling 
obliquely on the earth's atmoſphere, are more or 


leſs refracted, according to the degree of obliquity 


with which they enter; that is, according to the 
altitude of the object. Hence all celeſtial objects 
appear higher than they really are. Therefore at 
| the end of this tract there 15 given | A Table of 
| Refraftions, corrected according to the lateſt obſer- 
vations. This table is made for every intire degree 
of apparent altitude, which is as near as is neceſſary. 


It ſhews how many minutes and ſeconds are to be 


fſubtracted from the apparent altitude on account of 


refractions. By theſe three corrections you will 
obtain the true altitude of the ſun's center above the 


real horizon, 


Example 


L us 1 


Example for the fore obſervation. 
3 : : deg. min; i 
Suppoſe the obſerved altitude to be — 34 10 
Firft correction the ſun's diameter add _ 0 16 


oO 


34 . 


Second correction. The dip of the horizon 
for 27 feet, the ſuppoſed height of the 
 obſeryer's eye above the water, /ubtra? o 5 


e 


„„ 
Third corre on. F or the refraftion fultrait Sx 


— 


Remains the ſun's true 1 — 34 20 


To obtain the true zenith diſtance ſubtract 


the true altitude from — — 9M. o 


dne the ſun's zenith diſtance — 


55 40 


T o take the altitude of a flor by the * 


obſervation. 


E T the index at o on the arch, and holding 5 

the plane of the octant vertical, direct the fight 

to the ſtar; at the ſame time look for the reflected 
image of the ſtar in the filvered part of the horizon 
glaſs : move the index a little, which will ſeparate 
the reflected image from the image ſeen hy direct 


viſion ; 3 


146 J | 
viſion ; the former will be eaſily. diſtinguiſhed from 
the latter by its motion, when you ſtir the index. 
Continue to move the index forward, and at the ſame 
time follow the reflected image of the ſtar with your | 
eye, directing the ſight lower and lower, and changing 
the poſition of the octant as the ſtar deſcends, till 
you have brought it down to the horizon; the index 
will then ſhew the obſerved altitude of the ſtar. It is 
neceſſary always to keep ſight of the reflected image 
of the ſtar that you may not miſtake the image of 
ſome other ſtar for the image of that whoſe altitude 
you would take. But if the altitude is known 
nearly, you may ſet the index at firſt to that altitude 
and holding the octant vertical, direct the ſight to 
the part N Juſt under the ſtar, and you 
will find the reflected image near the horizon. By 
moving the index a little you may bring it to 
touch as before. | 


There are only two corrections to be made to the 
b ed altitude of a ſtar; the dip of the horizon 
and the refraction; for the fixed ſtars have no 
viſible diameter. 


Having given all 1 neceſſary e an for the 
management of this inſtrument in the fore obſer- 
vation, it remains that we do the ſame for the 
back obſervation, and particularly that we explain 
the new method of adjuſting the glaſſes for that 

Obleryakion ; whereby thoſe difficulties which have 
hitherto 


1 


Niere rendered this valuable part of the intrument 


uſeleſs,” are now / intirely e 
4144 $; 55 7 | 


Before we enter upon his; it may be proper to 
ſhew briefly the different nature and uſes of what is 


called the fore, and what is called the back er- 
vation. 1 


Now by the fore obſervation we can take any 


angle from o to 90 degrees but not more. By 


the back obſervation we may take any angle from 
90 to 180 degrees, ſo. that it extends the quadrant 
to a ſemicircle. In the fore obſervation the obſerver 


turns his face to the ſun, and by moving the index, 
brings the ſun's image down to that part of the 
horizon which is directly underneath, 'and which 
can never be more than go degrees diſtant from the 


ſun. In the back obſervation, the obſerver turns 


his back to the ſun; (whence 1 it has its name) and 


by moving the index the image of the ſun is brought 


from behind the obſerver through the zenith down 


to that part of the horizon which is then before him, 
but which is oppoſite to the ſun, and is therefore 


always more than 90 degrees diſtant from che ſun, 


and may be 180 degrees diſtant. 


& The ſame diviſions and the ſame numbers on the 
limb, ſerve to expreſs the ſun's altitude in the back ob- 


ſervation, as in the other; but it is becauſe the ſun's 


altitude 1 is the ſupplement of the angle really obſcrved, 
B and 


e — 
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and not the ingle itſelf. For if the angular diſtance 


of any two objects be required, theſe diviſions muſt 
be underſtood to expreſs the ſupplement of that 


angle to a ſemicircle, and not the angle itſelf. 


As the back obſervation takes all angles from a 
. quadrant to a ſemicircle, and the numbers ſhewn 
by the index expreſs the ſupplement to 180 degrees, 
it is evident that when the index ftands at the 
beginning of the diviſions the angle will be 180 
degrees; and the object ſeen by reflection will then = 
be oppoſite to that ſeen by direct viſion, or in other 
words, the inſtrument will be in a right line, joining 
the two objects, and the horizon glaſs will be exactlix 
at right angles to the index glaſs. This being 

premiſed, it will be eaſy to underſtand the tolowing ; 

directions for ad huſting the nes 


Pd 


T . neu method of adafing the back obſervation 
3 means of an index * to the back : 
run glaſs. | 


AW O ad) uſtments blen to „ back horizon 
glaſs,” the ſame as to the fore horizon glaſs ; 
one being to ſet it perpendicular to the plane of the 
inſtrument, the other to make it at right angles to 
the index glaſs, when the index BB is at the 

beginning of the diviſions, 


P D, 


. 19 1 
PD, fig. x and 2s an ex what Var on the 
center, over which the back horizon glaſs is fixed. 
By moving this index from the poſition ſhewn in 
fig. 2, to the poſition ſhewn in fig. 1, the back 
horizon glaſs is brought into a poſition like to that 
of the fore horizon laſs and is to be made parallel to 
the index glaſs by two adjuſtments, which are of the 
ſame nature with thoſe for the fore obſervation. In 
| ſetting the index P D, for this purpoſe, take care to 
make the line drawn on the end of that index to 
coincide exactly with the line 2 drawn on a piece of 
braſs let 1 into the wooden frame ; and then make the 
index faſt by the ſcrew g. Set the index B B exactly 
to the beginning of the diviſions, and take away the 
ſight f, fig. 2. Now turn the darkening glaſſes 
| behind the horizon glaſs at II, fig. 1, and move the 
1 for darkening the reflected | image from F to. 


The oftant being thus prepared for the adjuſt- | 
ment, as is repreſented hg. 1, place the eye at the 
ſight hole O ; hold the inſtrument in a vertical poſition, 
and raiſe it up to ſee the ſun through the tranſparent 
part of the back horizon glaſs. If the ſun ſeen by reflec- 
tion appears on one ſide of the ſun ſeen by direct viſion, 
it ſhews that the horizon glaſs wants adjuſting 1 in the 
upright or perpendicular poſition, which is done by 
the forew at #, fig. 1, that paſſes through the frame, 
and is turned by a milled head at the back of the 
inſtrument; if the ſun ſeen by reflection appears 
higher or lower than the ſun ſeen by direct viſion, 
then the error is in the other adjuſtment, and muſt be 
— corrected 


rr 20 4t# 4 + e 
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corrected by the lever L. This lever being turned 
by the button 5, gives a ſmall motion to the horizon 
glaſs, in order to adjuſt it parallel to the index glaſs ; 
then by tightening the ſcrew 1, the lever is made faſt 
to the braſs arm over which It lies. 


By this method the back horizon glas being made 
perfectly parallel to the index glaſs; if the index 
P D be moved exactly a quarter of a circle, or 90 
degrees, the horizon glaſs muſt then be at right angles 
to the index glaſs. To do this, move the index 
from the line at 4, fig. 1, to the line at w, fig. 2. 
The diſtance of theſe lines being exactly 90 degrees, 
and being meaſured with the — — accuracy as the 
diviſions on the arch, the adjuſtment of the glaſſes 
by this method is as much to be depended on, as 
any angle meaſured by the diviſions on the arch *. 


As this method of adjuſtment depends upon the diſtance of 
the lines à and ao being exactly go degrees, its accuracy may be 
examined at land by the old methods, ſome of which are very 
exact, though not practicable at ſea. If the poſition of the horizon 

glaſs is found to be right by theſe methods, it ſhews that in re- 

moving the index P P, from à to uv, both glaſs and index has 
been turned juſt go degrees; ; that the lines 2 and w are exactly 

90 degrees diſtant. 

The reader will find the old 8 of adjuſting the octant at 

land, in a tract intitled Direction, for the uſe Y Hedley" 5 quadrant, 

printed for T. Cadell in the Strand. : 


The. 


1 
The olaſſes being thus adjuſted, to prepare for 


the obſervation, turn the darkening glaſſes out of 


the way; replace the fight f, and puſh down the 
ſight hole o fo as to leave the braſs frame open at the 
upper part as it' appears at x, fig. 2; then the ſun's 

altitude may be taken by the following directions t to 
the ſame exactneſs as in the fore obſervation. _ 


To take the altitude of the fun at + fo by the 
back obſervation. 


TOLDING the inſtrument in a vertical 2 
direct the ſight to the part of the horizon 
oppoſite to the ſun ; move the index gradually from 
o till you bring the darkened image of the ſun up to 
the horizon, ſo that the apparent lower edge may ſtand 
upon the horizon, Then keeping the octant ſteady, 
turn yourſelf round upon your heel; or rather twiſt 
yourſelf from the right to the left, and back again, 
ſo as to turn the octant round a vertical axis. 
Obſerve whether the image of the ſun continually 
touches the horizon during this motion. If it does, 
then the plane of the octant is held exactly upright, 
as it ſhould be. But if in that motion the ſun's 
image croſſes the horizon, the octant is not held 
opright, and you muſt ſhift its poſition (at the ſame 
time ſtirring the index if needful) till you can make 
the lower limb of the ſun glide along the n, 
juſt touching it all che way. 


B 3 — 
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When the ſun is high, inſtead of the motion before 


deſcribed you may uſe another. Swing the octant 


round a line paralle] to the line of ſight, as was 
directed to be done in the fore obſeryation. By this 


means the ſun will ſeem to deſcribe the arch of a 


circle whoſe conyex ſide is downward. Move then 


the index till the lower limb of the ſun juſt grazes 
upon the horizon in the loweſt part of that arch, 


and then read off the degrees and minutes as before. 


The nearer the ſight is directed in a line parallel 
to the plane of the inſtrument, the more exact will 


che obſervation be. For this reaſon it ſhould be ſo 
held as to fee the ſun and horizon through the open 


part of the braſs frame at x, and as near the middle 
of its breadth as — be. 


* 


* he altitude 3 obſerved according to the 


foregoing directions, three corrections are required 


before the true altitude of the ſun's center above the 
real horizon can be obtained. It may be noted that 
the two firſt of theſe are to be applied e | 
to what they are in the fore obſervation. | | 


| Prot Con ECTION. For the ſun's ſemidiameter 16 
minutes is to be ſubtracted. Becauſe the obſerva- 


tion is really made with the upper limb of the ſun, 


though by being br ought from beyond the zenith 
as. — the loweſt. 


SECOND 


MK : 
| SzconD CormecTiION. The dip of the horizon is 
| ta be added. For the altitude being the complement 
will be too little by the dip of the horizon. q 


TIR D Coxkre rox. For the refraction, is the 
ſame as 8 in che fore obſervation; it is to be den 


83 1 the back obfervation 


deg. min. 


- Suppoſe the obſerved altitude — 34 10 
For the ſun's ſemi-diameter fubtra® — 0 16 


335 3 | 33 54 
"THE 2 2 e feet ſubira? 1 
. 33 59 

The refra@tion of the armoſphere fur 0x 


To obtain the true zenith diſtance * TOE 


: Remains the ſun? s true Altitude — 33 38 
the true altitude from —— — go © 


* true zenith diſtane— — 36 2 


Rules for finding the latitude e the * s zenith 


dt france and declination at noon oo. 


HE. fan's cn admits of two denomi- 
nations; that is, north and ſouth. So likewiſe 
does the fun” s zenith diſtance, for the ſun comes to 
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different denominations, add 90 degrees to the decli- 
nation, and from that ſum ſubtract the altitude; the 
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nation as the declin ation. 


2 like denomination, add the declination to the alti- 


\ 
3 
z 
4 


Fw - 
the meridian either northward or ſouthward of the 
Zenith. The latitude alſo admits of the ſame varia- 


tion in its denomination. This being premiſed, the 
5 rules will be eaſily underſtood. 


| R ULE * If the zenith diſtance ad declination 


are of different denominations, their ſum will give 


the latitude, whoſe denomination will be the lame as 


that of the declination. 


MCs 1 1. If the zenith diſtance and declination 


are both of the ſame denomination, their difference 


will give the latitude, whoſe denomination will be 
the ſame with that of the zenith diſtance and declina- 


tion, if the declination is greater than the zenith diſ- 
tance. But if the zenith diſtance is greateſt, the 1 
tude will be of a contrary denomination. 


The two following rules ſerve to find the latitude of 
the place from the altitude and declination at noon 


Ros III. if the Altitude and declination. are of 
remainder is the latitude, and | is of the ſame denomi- 


rr. If ha aide and declination are of 


| tude 
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tude, and ſubtract that ſum from 90 degrees; if it 
be leſs, the remainder will be the latitude, and it 
will be of a contrary denomination. But if it exceeds 
90 degrees, the exceſs will be the latitude, whoſe 


_ denomination will be the ſame as that of the a 
and declination. ” 


| 4 TABLE E RzFRACTIONS to be ſubtrafted from 
the apparent allitude. | 


Hut Ir Refract. Halt Refradt. Nac Rem Tat Reradt. 7 
a . min. e. a. min. ſec.| d. min. ſec. d. min. ſec. d. 
"x 124 2919 2 44/37] 116650 0 40/73 
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MATTY 


HADLEY SEXTANT 


To DETERMINE THE 


LONGITUDE AT SBA, 


nil i as f 


| H E 2 of this nt in determining 


diſtances of the moon from ſome of the principal 


fixed ſtars. It often happens that the diſtances of 


the moon from ſuch of the ſtars as are the moſt pro- 
per for theſe obſervations exceed go degrees, and are 
ſometimes as great as 120 degrees: for this reaſon 
it is, that the inſtruments intended for this purpoſe 
are enlarged to the ſixth part of a circle, that angles 


may be taken by the fore obſervation only as great as | 


120 degrees; that way of obſerving being more con- 


venient than by the back obſervation. The diſtance 


of the moon from the ſun (which is preferred to that 


. 
: 
—— «c — 


* 3 . 
. "ie... ao did a 


the longitude at ſea, is, to obſerve the angu- 
lar diſtances of the ſun and moon, or the 


$3 

of the moon from the ſtars by the 1 aſtrono- 
mers) often exceeds 120 degrees, and ſometimes is as 
great as 180 degrees: theſe great diſtances muſt be 


taken by the back obſervation ; but, as the ſun and _ 


moon are two objects that cannot be miſtaken for 
any other, their diſtances may be taken 88 way 
without great difficulty. EE 


As all obſervations for determining the longitude 

muſt be made with the greateſt exactneſs, the back 
obſervation, when the glaſſes were adjuſted by the 
cemmon methods, could by no means be depended 
on; therefore it has never been thought worth while 
to furniſh the inſtrument vith the apparatus for this 
purpoſe, and thoſe uſeful obſervations of the ſun and 

moon above-mentioned have been intirely neglected. 


By adjuſting the back ablorvaticn with the move- 


able index, as deſcribed in the directions for the uſe 


of the octant, theſe inconveniencies are intirely re- 
moved, and the obſervations may be made to 180 
degrees with the ſame exactneſs as thoſe with the fore 
obſervation to 120: beſides this principal advantage, 


| the improved methods of achuſting the fore obſerva. | 
tion are of great uſe, as the greateſt accuracy is re- 


| quired to determine the longitude by aye of theſe 
erode. 


The ſextant, as repreſented in plate 2, is 3 
with ol the gary for aqhufting the glaſſes, as before 
deſcribed 


1 
Aeſenibed in the uſe of the octant, and alſo cer 
other parts that are neceſſary to make the obſerva- 


tions with that accuracy which is requ ired 3 in the uſe 
of this inſtrument, 


- = — —ů—— — > > — 
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The arch 4 is divided into 120 ; es ; each 
er is divided into three parts, and by the vernier | 
diviſions it is ſubdivided to every minute. 


* 


—_— 
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| The principal index BB, that carries the vernier 
, diviſions along the arch, may be made faſt to the 
arch at any part by the tightening ſcrew at the back. 
When this index is to be moved any conſiderable 
- quantity, the ſcrew muſt be releaſed, and, when the | 
index is brought nearly to the diviſion required fer 
the obſervation, the ſcrew at the back muſt be made |} 
tight; then, by turning the ſcrew E, called the ad- 
juſting ſcrew, the index will be moved ſlowly along 
the arch, ſo that the obſervation may be made with 
the greater exactneſs. 


— — —— 
4 2, D 5 


The teleſcope M, which magnifies about four 
times, is uſed inſtead of a common ſight; the ob- 
ject being magnified a little, appears more diſtin&, 
and, by ſliding the tube that contains the eye glaſſes 
in the inſide of tlie other tube, the object is made to 
appear diſtinct to different eyes. The ſame teleſcope 
is applied both to the fore obſervation and to the 
back obſervation; when it is uſed for the fore ob- 


: ſervation, it is: reell into the circular ring as is 
%%ÜÜ»ö»X . 


„ 1 
thewn 5g 2; and when uſed for the back obſerva- 
tion, it is ſcrewed i into the other circular ring at f. 


The part chat ſupports the teleſcope has, oſed | 
for the back obſervation is repreſented at fig. 33 the 
upper part is the circular ring into which the tele- 
ſcope is to be ſcrewed; aa are two pins that go into 
two holes in the frame of the inſtrument, to give the 
_ teleſcope its proper poſition z then, by ſcrewing up 
the part g againſt the back of the frame, the whole 
is made faſt to the inſtrument. _ 


| Tis part is ſo contrived that it may be — : 


frm | fig. 2, (where it is uſed for the back obſerva- 


tion) and fixed at O, fig. 1, to be uſed in the adjuſt- 
ment of the back horizon-glaſs. The ſcrews bb go 
trough the ring into which the teleſcope is ſcrewed, 

and draw this ring againſt two pins fixed to the un- 
der ring at the ſides p p. 95 5 


By looſing one of the ſcrews, and tightening thje 
other, the teleſcope may be adjuſted parallel to the 
plane of the inſtrument; the method of knowing 
when it is ſo will be deſcribed hereafter. By means 
of che ſcrew 7, the teleſcope is moved nearer to, or 
farther from, the plane of the inſtrument, that it may 
be directed either to the ſilvered or to the unſilvered 
parts of the glaſſes. The part into which the tele- 
ſcope is ſcrewed for the fore obſervation has the ſame 

Ajjuſtments, but is fixed to the inſtrument. W 
| | „ 


. os 2 jo 
The parts of the horizon-glaſſes next the plane of 


the inſtrument are filvered, and the part of the index- 
glaſs next the plane of the inſtrument is alfo filver- 
ed; but the extent of the filvered part of the in- 

 dex-glaſs exceeds the extent of the ſilvered parts of the 

horizon-glaſſes as much as is the diameter of the aper- 
ture of che object-glaſs of the teleſcope; the remain- 

ing part of the index-glaſs is made black at the back, 
that the light may be reflected from the outer ſurface 
only. By this method of ſilvering the glaſſes, the ob- 
ſervation may be made zhree different ways, any of 
which may be uſed according to the difference of the 
brightneſs of the two der whoſe ene NO | 
is to be meaſured. 


Hirt, if the object to be ſeen by reflection be ob- 
ſcure, move the teleſcope as near as you can to the 
plane of the ſextant by turning the ſcrew 7; more | 
than one half of the aperture of the object glaſs of the 
teleſcope will then be directed to the filvered part of 


| the horizon-glaſs; and the image of the object will 


be ſeen in the filvered part of the horizon-glaſs re- 
flected from the filvered part of the index-glaſs. 
Secondly, if the object be bright enough to be ſeen in 
the unſilvered part of the hori=on-atals, move the te. 
leſcope by turning the ſcrew 7, till the whole aper- 
ture is directed to the unſilvered part of that glaſs, fo © 
as to be juſt clear of the ſilvered edge, and the image 
of the object will then be ſeen in the unſilvered part 
aof the horizon-glaſs, but reflected from the ſilvered 


C 4: Part 
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e 


. e r _—_— 


e 


11 e 
part of the index-glaſs. Thirdy, if the object be 
{till brighter, move the teleſcope as far from the 
plane of the ſextant as the ſcrew will admit, and the 

image of the object will then be ſeen in the unſilvered 
part of the horizon-glaſs, and allo reflected from the 
unſiered part of the index-glaſs. 


Tübe laſt of these three methods is much to be 
preferred to either of the former; for the object ap- 


pears more diſtinct when reflected only from one ſur- 
face of the index- glaſs than when reflected from both, 


and any errors that may ariſe from the two ſurfaces 
not being perfectly parallel will be entirely obviated: 


it may be added, that the appearance of the object, 


when darkened by this method, is much more agree- 
able than when it is darkened by n the - 


* ing altes. 


Tube tube R is to be applied in the ſame manner as 


the teleſcope, to direct the ſight in a line parallel to 
the plane of the inſtrument, both in the fore and in 
the back obſervation. It may be uſed at ſea when 


the weather is rough, or for taking the angular diſ- 
tances of land objects; for which purpoſe it will be 


found more convenient than the teleſcope, 


F. 18. 4. 18 4 . that holds a 8 to 
aſt the light in reading off the diviſions on the arch. 


Wa part v is Pt en 40 the, edge of the arch, and 


may 


E 
may be ſipped along it to dens the glaſs 5 over any 


og Os.” 


Fig. 5. is another ume chat holds a wegilh g 

glaſs to aſſiſt the fight in making the line on the end 
of the index PD, to coincide with the lines 2 or ww / 
in adjuſting the back horizon-glaſs. The dove-tail 
Part y (in fig. 5) being ſlipped on at y at the end of 
the index in fig. 1. and 2, the  magnifying-glaſs will 
| then be directly over the line, Oy 


Fig. 6. is a key to turn the ſcrew u to «Guſt the 
back horizon-glaſs into the perpendicular poſition ; : 
this key being put through the back part of the 
frame, the ſquare end goes into the inſide of the 
ſcrew 2 which 1 is alſo made {quare to receive it. 


Fig. 7. is a ſhade to be fixed with the ſcrew x, be⸗ 
fore the ſilvered part of the index-glaſs, to prevent a 
glare of light, when the obſervation is made from the 


unſilvered part of that glaſs, PEI, 


The accuracy N che back obſervation very 3 
depends on the adjuſtment of the index applied to 
the back horizon-glaſs z it is therefore neceſſary to 
have a method of moving that index with the greateſt 
| exactneſs 1 in making the adjuſtment ; for this pur- 
poſe the following is preferred, as being the moſt 
exact and convenient method: the piece of braſs at 
25 bg 1. and 2. goes through the wooden frame, and 
x i 


1 4] 
is turned round by a lever at the back. This * 
f is moved by turning a circular piece, the edge of 
| of which appears at J. The index PD has a pin 
fixed underneath, hear the end; this pin fits into a 
notch made acroſs the circular piece of braſs at x, 
and near its circumference. When the pin is put 
| into the notch, the finger ſcrew that draws the index 
down muſt be put chrou gh the frame of the ſextant, 
and ſcrewed into the index nearly tight; then, by 
turning the button g, 1 the index will move ſlowly, 
and thus the lines may eaſily be made to coincide. 
When this is done very exaCtly, tighten the finger 
ſerew underneath to make the index faſt, that it may 
| not move either during the adjuſtment, or during the 
| obſervation : the ſame method is uſed to procure an 
exact coincidence of the lines both at # and at co. 35 


1 The reſt of the proceſs of making the e - 
of the horizon-glaſſes of the ſextant being the ſame as 
E- in the octant, already deſcribed in pages 10 and 18, 

it need only be obſerved, that the moon or any of 
the brighter ſtars may be uſed for that purpoſe, and 
the adjuſtment may ,be made with more eaſe, and 


perhaps with more exactneſs, by the moon or flars 
than by the fun. 


. b L 2 — 
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Some e eminent obſervers think the method of find 
ing the error of adjuſtment (commonly called the in- 
dex error) and of allowing for it in the obſervation, is 
more to be N on chan making the adjuſt- 


ment; 


| 1 
ment; and they rather chuſe to make chat allowance 
than to alter the adjuſtment of the inſtrument. Seve- 
ral methods have been uſed for this purpole, of 
which the n ſeems to be the beſt. 1 3 


To fad the error 7 ane. Commonly called 


the index error. 


AKE the diameter of the ſun or moon by 
moving the index forward; and alſo take this 
diameter by moving the index backwards. If the 
numbers ſhewn on the arch be the ſame 1 in both caſes, 
the glaſſes are then truly adjuſted. If the numbers 
be different, then half their difference is the index 
error. If the diameter taken in moving the index 
forward exceeds the diameter taken in moving the 
index backwards, then the half difference is to be 
ſubtracted ; if the contrary, it is to be added. It 
muſt be obſerved, that in reading off the diviſions of 
the vernier when the index is moved backwards, that 
the complement « of the numbers ſhewn on the vernier 


to 20, is to be taken, and not the numbers them- 


ſelves. Several obſervations of the ſun's diameter 
being made in this manner, and a mean of the whole 
being taken, the index error may be found 12 this 
method to a very great exactneſs. 


: The nearer the ſight is directed i in a line — | 
to the Plane of the ſextant in | making the obſerva- 
tions, 


* F . — A 


* —— 
— — — . — 


be. 


[ 42 ] 
tions, tlie more exact III thoſe obſervations be. For 
this reaſon there are two wites fixed parallel to each 


other, at the focus of the eye- glaſs, in the eye- tube 
of the teleſcope, by which the field of view is divided 
into three parts; when an obſervation is to be made, 


the wires muſt be ſer parallel to the plane of the in- 
ſtrument, by turning the eye- tube round, and the 


image of the object ſeen by reflection ſhould be 


brought into contact with the object ſeen by direct 


viſion between theſe wires, and as near to an ima- 


ginary line in che middle between them as may 


If the re is not fixed parallel t to the plane 


of the inſtrument, the middle between the wires will 


not be the proper place to bring the objects to, in 
making the obſervations, therefore the following di- 
rections a are giyen for achuſting the teleſcope. 18 


ge the tele 22 e fo the aun. ef the 
FF ſertant. 


Oe SE any two' diſtant objetts, whoſe wig 
diſtance is not leſs than 90 degrees. The ſun 
and moon are the moſt proper objects to be uſed at 
ſea for this purpoſe. Bring their neareſt limbs into 


contact at the wire neareſt to the plane of the ſex- 


tant; en by altering the poſition of the ſextant a 
| little, 


1 
little, bring them to the wire furtheſt from the plans 
of the ſextant. If their neareſt limbs be in contact 
as before, the teleſcope is properly adjuſted; but if 
the limbs of the ſun, and moon lap over one another 
when they are brought to the wire furtheſt from tha 
plane of the ſextant, it ſhews the object end of the 
teleſcope to be inclined from the plane of the ſex- 
tant. To rectify this, unſcrew the loweſt of the two 
ſcrews 5 h of the ring into which the teleſcope is 
fcrewed, as ſhewn in "lg, 3, and tighten the higheſt 
of thoſe ſcrews. If the neareſt limbs of the ſun and 
moon do not come in contact when they are brought 
to the wire furtheſt from the plane of the ſextant, 
it ſhews the object end of the teleſcope to be inclined. 
towards the plane of the ſextant; in this caſe un- 
ſcrew the higheſt of the two ſcrews bb, and tighten | 
the loweſt. By repeating this operation a few times, 

the teleſcope may be properly adjuſted. The ſame 
method of adjuſting the teleſcope is to be uſed both 
in the fore obſervation and in the back. obſerva- 


77 take the altitude of the moon at ſea by the- 


fore * 


\HE ſame has. is to be uſed i in 1 the 
altitude of the moon as in taking the altitude 
of the ſun, only it muſt be obſerved that the en- 
lightened edge, or that edge which is round and 
well 


. : 7 an "NRA rr — +4 2 — 
 — —  —  —— — —— ——  — : 7 


— 


7 1: 1 
vell defined, muſt be brought into contact wick the 


| horizon, whether it be the upper or the under edge. 


The moon is generally bright enough to be ſeen by 
reflection from the unſilvered parts of the glaſſes; 
if not, the teleſcope muſt be moved nearer to che 
1 of the inſtrument. 


Gs at be le FER the wires in 1 Ade 


5 turned exactly parallel to the plane of the ſex- 
tant; for then, by keeping them perpendicular, they 
may ferve as a guide in the night- time for holding the 


ſextant in a vertical poſition; as that poſition cannot 


OY F 


2 Had 88 
found page 7 of every month in the nautical almanac 
for every noon and midnight at Greenwich. 
lower limb was obſerved, add the ſemi- diameter thus 
found if the act limb was obſerved, Jubirad 1 it. 


| | The 3 b 


* 


be fo well determined by the ſweep of the lextant 1 in 
the * as it can be in the — time. 


* The obſerved altitude of the moon requires four 


different corrections before the true altitude of her 
center above the real horizon can be obtained. 


+ To he 


If the 


— 


5 ; 


* 
14 


4 2 


1 1 the 8 FE of that 1 chat. an objects wren, 


then the upper edge or limb of the moon will appear the lower, 
the left ſide will appear at the * and the nary... 


3 | 


SY | 1 45 1 
SzconD CoxxRRIOR. The * of the horizon. 
To be — 


Typ Connzerion. The refrattion to be fub- 
trafted. 


 Fouxta Congtcrion. The moon's parallax in 
altitude. To be found from the requiſite tables to 
| the nantical almanac, 15 to be added. 


Theſe four corrections being applied to che OY 
ſerved altitude of the moon, the true altitude, of 
her center above the real Wagen will be obtained. 


2 0 take tbe altitude of the moon at fea, h the 
. back obſervation. 


N taking the altitude of * moon by the back 
obſervation the ſame methods are to be followed, 
and the ſame cautions are to be obſerved, as in the 
fore obſervation; it only need be noted, that the 
firſt and ſecond corrections muſt be applied the con- 
trary way to what they are in the fore obſervation; 
but the tbird and fourib muſt be applied the ſame 
way. 3 En 5 


(46 ] 


To take the diflance of the moon from the fn by 


the fore obſervation „ in order to determine the 
longitude at ſea. 


I TN the nautical almanac you may. find the central 
1 diſtances of the ſun and moon calculated for every 


three hours at Greenwich, on ſuch days as this method 


is practicable. From the diſtances thus found, com- 
pute roughly the diſtance between their neareſt limbs 
at the time of obfervation, as directed in Page 16 5 
and 166 of the nautical almanac. 1 


Set che index to the diſtance of the neareſt limbs 
of the ſun and moon ſo found. If the ſun be to the 
left hand of the moon, the ſextant muſt be held 
with the face downwards; but if the ſun be to the 
right hand of the moon, it muſt be held with the face 
upwards. Direct the teleſcope to the moon, and 
put the ſextant into ſuch a poſition, that if you look 
edgeways againſt it, it may ſeem to make a line paſ- 
ſing through the fun and moon; then, by giving. . 
ſextant a ſweep, or ſwinging it round a line parallel 
to the line of ſight, the reflected image of the ſun 
Will paſs by the moon, and ſo near that you cannot 
| miſs ſeeing it. Their neareſt limbs muſt be brought 
into exact contact by moving the index with the adjuſt- 
ing ſcrew E, fo that giving the ſextant the motion 


youu 


1 7 1 2 
round the. line of ſight, the refleted image of 


the ſun in paſſing, by the moon may juſt touch her 
neareſt limb, which is always round and well de- 


' fined. The wires in the teleſcope muſt be turned 


parallel to the plane of the ſextant, and the contact 
muſt be made in the middle between them as before 
deſcribed. The obſervation being made with care 


according to the foregoing directions, the diviſions on 
the arch will ſhew the apparent diſtance of the neareſt 
limbs of the ſun and moon. This diſtance requires 


two corrections to obtain the true diſtance of their 


centers as ſcen from the center of the earth. 


F [RST CorREcTION. The ſum of their ſemi-dia+ 


Meter, To * OO... 


The ſeri: meer of the ſun ar every fixch day, 


and of the moon for every noon and midnight at 


Greenwich, may be found in the nautical almanac ; 
from whence their ſemi-diameters at the time of obſery 
vation are to be computed by the rule in page 152 


of the requilite tables to the .nautical almanac. This 
correction gives the apparent diltance of the centers 
of the ſun and moon. TE. 


Sade rd To clear the apparent 


diſtance of the effects of refraftion. and parallax, 
To make this correction, two ſets of tables, with di- 


rections how to uſe them, are to be found among the 


RI tables to the nautical almanac, This core 


reftion : 
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1 48 1 | 
ee may be more eaſily made Bum a ſet of 
tables publiſhed by the * of — for that 


pu poſe. 


Theſe hs corrections being properly made to 
the apparent diſtance of the ſun and moon, the 
true diſtance of their centers, as ſeen from the 
center of the earth, will be obtained; and the 
time at the place of obſervation being known, 
the longitude of the place may be computed by 
the rules and tables Doug to the nautical al- 
manac. 


To take the diſtance of the moon from the fun by 
the back obſervation, to determine the longitude 
at fea. = 


HE fame directions as before given for the 
fore obſervation muſt be followed in the back 
e excepting that the face of the ſextant 
in making theſe obſervations muſt be turned contrary 
to what was directed in the fore obſervation; and it 
muſt be obſerved, that the diviſions on the arch ſneF-r 
the complement of the angle obſerved to 180 degrees, 
and not the "oe itſelf. 


4 4 
* 5 . J . 


F ny ; ; N 
= A 
; vs 4 
m | ha . 


441 


To take the diftance of the moon from ſuch florg 
44 are ſelected in the nautical almanac for fi * 
ing Foe: Hongituae at 8 | 


HE diſtances of thoſe ſtars from the moon's 
center are alſo given in the nautical almanac 
for every three hours at Greenwich; from whence 
the diſtance from the enlightened limb of the moon 
may be computed as before. None of theſe diſtances 


exceed 120 degrees, therefore the fore obſervation 
only is to be uſed. 


Set the a to the diftance thus computed. If 
the ſtar be to the left hand of the moon, the ſextant 
muſt be held with its face upwards, and the contrary. 
The moon will generally be bright enough to be ſeen 
be reflection from the unſilvered parts of the glaſſes, 
and by tuo reflections will be ſufficiently darkened, 
ſo as not to hinder the ſtar from being ſeen when 
brought into contact with her. Direct the teleſcope 
to the ſtar, then put the ſextant into the proper plane 
as before, and giving it a ſweep round a line parallel 
to the line of ſight, the reflected image of the moon 
will paſs by the ſtar, and ſo near that you will ſee 
it in the field of the teleſcope. This will be a proof 
that the ſight is directed to the right ſtar. By turn- 
0 D it — ig: 
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ing the adjuſting ſcrew, the enlightened limb of the 
moon (whether eaſt or weſt) may be brought into 
contact with the ſtar, and by giving the ſextant 
2 ſweep round a line parallel to the line of fight, 
the enlightened limb of the moon may be made 
juſt to touch the ſtar as ſhe paſſes by it, and 
that in the Ts between the two wires in the 
teleſcope. 


3 inder will then ſhew the apparent diſtance WE. 
| the ſtar from the enlightened limb of the moon, te 
which apply the t two following correCtions. 


Frgsm CorRECTION. The ſemi-diameter of the 
moon. This may be found in the nautical almanac 
for every noon and midnight at Greenwich, from 
whence her ſemi-diameter at the time of obſervation. 
is to be computed by the rule in page 162 of the . 
tables. If the obſerved or enlightened limb of 
the moon be the neareſt to the ſtar, the ſemi- 
diameter thus found is to be added; if the enlight- 
ened limb be the furtheſt from the ſtar, then the 
ſemi- diameter is to be ſubtraffed. This correction 
gives the apparent diſtance of che moon' 8 center from 
the ſtar. 


Szcoxp CorrecTion. To clear the apparent diſ- 
tance of the effects of refraction and parallax. This 
| correction 


3 1 
correction muſt be made from the tables, Sc. as be- 
fore directed for the {un and moon. 


FT Cheſe correftions being properly made, the true 
diſtance of the moon's center from the ſtar, as ſeen 
from the center of the earth, will be obtained; and 

the time at the place of obſervation being known, 
the longitude of the place may be computed from 

the rules and tables belonging to the nautical al- 
manac. 


0 he fr to be uſed is always one of the bright. 
eſt, and its poſition is always nearly in a line per- 
pendicular to the line of the moon's horns, or 
which is the ſame thing, in the line of the moon's 
ſhorteſt axis produced. If you are not certain which 
is the right ſtar, having ſet the index to the diſ- 
tance of the ſtar from the moon, as found from 
the nautical almanac, hold the ſextant as near as 
you can judge, fo that its plane (ſeen edgeways) 
may coincide with the line of the moon's ſhorter 
axis, and moving it in that plane, ſeek the re- 
flected image of the moon through the teleſcope ; 
then give a ſweep with the ſexrant, ſo as to turn 
it round the incident ray, that is round a line 
paſſing from the moon to the inſtrument. By 
this ſweep the moon may be kept in the field 


of the teleſcope, and the ſtar will be ſeen to paſs 
by her. 
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A readineſs in making theſe obſervations may cer- 
| Aainly be acquired by practice; this has been fully 
proved by the great uſe that has of late years been 
made of this method to determine the longitude at 
_ tea, and the many excellent improvements lataly made 

in it, both in theory and practice, by the Aſtronomer 
| Royal, leave no room to doubt but it all. non be 
broug ght into general uſe. Fs 


This inftrument may be uſed at land to take the 
double altitude of the ſun or ſtars, by reflection from 


| water or quick-ſilver, in order to determine the la- 


5 titude of any place; and alſo to obſerve correſpond- 
ing altitudes of the ſun to examine the going of a 
clock, by which means the time will be exactly 
known, and the longitude of the pl:e2 may be de- 
e * de 0 of Jupiter $ ſatellites. 


Ts obſerve the 3 of the fun fn at land, ty 
reflection from Water. 


IF E trough that contains the water ſhould be 
five or fix inches long and three or four inches 
wits ; muſt be laid on the ground, or on ſomething 
that is firm, and muſt be ſheltered from the action 
of the wind by a, machine in the form of the ſlant 
roof of a houſe; this may be a wooden frame, with 
pieces of glaſs fixed into the ſides. The pieces of 
glaſs uſed for this purpole ſhould be truly flat, and 

| the 
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the two ſurfaces of each glaſs ſhould be parallel to 
each other. This machine muſt be laid over the 
water-trough, but not to touch it, otherwiſe 1. may 
occalign the water to ſhake, 1 | 


Being thus prepared, move backwards Gill you ſee | 
the reflected image of the ſun in the water; if this 
image be very bright, turn one or more of the dark- 
ening glaſſes at H behind the horizon glaſs. Now, 
holding the ſextant in a vertical plane, direct the 
fight to the ſun's image in the water, then move the 


index till you ſee the other image, reflected from the 
mirrors come down to the ſun's image ſeen in the 


water, ſo as to touch but not to paſs it; then bring 
their edges into contact in the middle between the 
wires of che teleſcope, | as before directed. . 


The diviſions on the oa will ſhow the double 
altitude; to this you muſt add or ſubtract the index 
error, if any, according to which way it is; to half 


this ſum or difference add the fun's ſemidiameter, 


and ſubtract the correction for refraction z you will 
then have the true altitude of the ſun' $ Center above 


te real horizon. 


1f the altitude be more than 60 degrees the back. 
obſervation muſt be uſed. By moving the index for- 
Ward (that is, towards you, in this caſe) the image of 
the ſun reflected from the mirrors muſt be brought. 


A } 


up to > the ſun's image ſcen in the water, ſo as to touch 


but not to pals it; then the edges being brought | NG 
contact in the middle between the wires in the tele- 


ſcope, the diviſions on the arch will ſhow the ſupple- 
ment ot the double altitude to 180 degrees. From 


half the double altitude thus found, the ſun's ſemi- 


diameter and the correction for refraction being 
both fubiraed, the true altitude of the ſun's center 


above the real horizon will be obtained. 


The altitude of A ſtar is taken in the ſame manner 
as the altitude of the ſun, except that quickſilver 


_ muſt be uſed inſtead of water; for but few of the 
ſtars are bright enough to be ſcen reflected from 
water. The double altitude of the ſtar mutt be cor- 


reed for the index error, if any, and then halved ; 
the half being corrected for retraction only, gives 


the true altitude of the ſtar above the real horizon, 


To ſerve 1 g altitudes of the ſun. 


OR theſe obſervations it is neceſſary to be pro- 

' vided with a clock. The moſt proper times for 
making the obſervations, is when the ſun is near the 
prime vertical, that is, the eaſt or weſt points of the 
compaſs. About this time in, the forenoon obſerve 
ſeveral double altitudes of the ſun, write down the 


degrees and minutes ſhown on the arch, and alſo the 


erat time ſhown oy the clock at each obſervation,” 
and 


| L 5 1 N 
: 2 let the Sirens obſervations made in the fore 
© noon be wrote one below * der, in the order * 


' In the 8 get the index to the fine 
and minute as the laſt morning obſervation. Note ; 
very exactly the time ſhown by the clock, when the 
ſun is obſerved to come down to the ſame altitude, 

and write the time down on the right hand of the ; 

laſt morning obſervation. In the ſame manner pro- 
ceed to find the time by the clock of all the altitudes 
correſponding to thoſe taken in the morning, and 


write down each one, oppoſite to that morning one, bY 


0 which! it e ; 


Take now the firſt pair of the correſponding altitudes, 
add them together, and to half their ſum add fix 
hours; this being corrected for the change of the 
ſun's declination * between the morning and after- 
| noon obſervations, you will have the. time of ſolar | 
noon derived from this pair of obſervations. Do the 
ſame for each pair, and taking the mean of the times 
thus found from each pair, you will have the exact 
time ſhown by the clock at ſolar noon. From the 
equation of time in the ſecond page of every month 
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This * may be eaſily conjured for any 1 cw | 
4 cable given for i * in che nautical almanac for 1769. 
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inn the Rautical * you will and the Greer k | 
between ſolar and mean time, which being added to 
or ſubtracted from the ſolar time, according as it is I o 
ſooner or later, gives the true time of ſolar. noon, | 2 


that is, the time that would be ſhewn by a clock that 


went perfectly right; compare this with the time 


actually ſhown by your clock, and its error will nk 


With a teleſcope that agb eb hoer to tin 
hs eclpfes of Jupiter's ſatellites may be ſeen at land, X 


and the time at the place of obſervation being found as 1 


befote, the longitude may be determined by the rules 5 
given every year in the * a for that 5 
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